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Abstract

Purpose—The objective of this study was to examine the risk of colorectal cancer associated 

with active smoking among members of the California Teachers Study (CTS), a large cohort of 

female public school employees for whom highly detailed smoking information is available.

Methods—The analysis was conducted among the 122,264 CTS participants who lived in 

California at cohort entry in 1995/1996, had no prior history of colorectal cancer, and provided 

detailed smoking information. 1,205 cases of invasive colorectal cancer prospectively diagnosed 
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in 1995–2009 were identified from the California Cancer Registry, including 650 in the proximal 

colon, 267 in the distal colon, and 288 in the rectum. Hazard ratios and 95 % confidence intervals 

were estimated using Cox proportional hazards models, stratified by age at cohort entry, and 

adjusted for race/ethnicity.

Results—Compared to never smokers, current smokers had an approximately 30 % increased 

risk of colorectal cancer. Overall, a slightly elevated risk was also noted for former smokers. 

Among former smokers, risks appeared to remain elevated for up to 20 years following cessation. 

Risks among former and current smokers increased with greater intensity and duration of 

smoking. Little evidence for heterogeneity in risk was noted for colon versus rectal cancer or for 

different subsites within the colon.

Conclusions—These results provide convincing evidence that heavy and/or long-term smoking 

is a risk factor for cancers of the colon and rectum. Such evidence should be considered when 

updating screening guidelines to include targeting people with long active smoking histories.
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Background

Colorectal cancer is the third most commonly diagnosed cancer and the third most deadly 

among both US women and men [1]. It is estimated that approximately 143,000 cases of 

colorectal cancer will be diagnosed and 52,000 people will die from this disease in 2012 [1]. 

While colorectal cancer is less common than either prostate cancer or breast cancer, 

colorectal cancer prognosis is substantially worse with a five-year survival rate of 64 %, 

primarily due to late stage at diagnosis [1]. Since the symptoms of colorectal cancer often do 

not present until late in the disease process, screening is critical to early detection and better 

survival. Current screening guidelines recommend that regular screening begins at age 50 

years for those considered at ‘average’ risk, with earlier and more frequent screening 

recommended for those with a strong family history or known genetic risk factors [2]. Given 

that the majority of patients with colorectal cancer do not have a family history or genetic 

risk factor, defining targeted screening strategies that account for lifestyle-related factors 

could increase the number of early diagnoses and ultimately increase survival rates [2–4].

The role of smoking in the etiology of colorectal cancer has been the source of considerable 

debate. Reviews by the International Agency for Research on Cancer (IARC) and the U.S. 

Surgeon General, published in 2002 and 2004, respectively, concluded that the evidence was 

insufficient to identify smoking as a risk factor for colorectal cancer [5, 6]. Evidence has 

been accumulating over the last 10 years, and in its forthcoming report, IARC states the 

evidence is now “sufficient” to classify smoking as a human colorectal carcinogen [7]. 

Despite this new assessment, some unanswered questions regarding smoking and colorectal 

cancer risk remain including: the importance of timing versus overall duration and/or 

intensity of smoking; the degree to which smoking cessation results in reduction of risk; and 

whether risks vary by anatomic site (colon vs. rectal) and within subsites of the colon [8–

11]. Furthermore, it has been suggested that smoking-related risks may be limited to or 
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stronger in men [9]. These are important questions to answer in order to improve the 

understanding of the etiologic mechanisms by which smoking affects risk and to inform 

primary and secondary prevention efforts.

The current analysis was conducted to evaluate the risk of colorectal cancer in a large 

prospective cohort of California women for whom extensive lifetime smoking histories have 

been collected. Due to the large size of the cohort and long length of cancer follow-up, 

which spans nearly 15 years, we had the opportunity to estimate risks by anatomic site and 

subsite and to evaluate a variety of details with respect to timing, duration, and dose of 

exposures.

Materials and methods

Study population

The study population for these analyses was drawn from the California Teachers Study 

(CTS) cohort, a large ongoing prospective study of female professional school employees in 

California. Participants in the CTS are 133,479 women who responded to a 1995 mailing to 

all 329,000 active and retired female enrollees in the State Teachers Retirement System 

(STRS). A full description of the CTS cohort is described elsewhere [12].

For the present analyses, CTS participants were excluded (in sequence) for the following 

reasons: lived outside California at baseline (n = 8,867); had an unknown history of prior 

cancer (n = 662); requested their data only be used for breast cancer analyses (n = 18); had a 

prior history of invasive or in situ colorectal cancer (n = 899); or had missing or unknown 

active smoking status (n = 769). The resulting study population was comprised of 122,264 

women.

Use of human subjects' data in this study was approved by the Institutional Review Board 

(IRB) at all participating institutions and the California Health and Human Services Agency, 

Committee for the Protection of Human Subjects.

Outcome assessment

The CTS cohort is followed annually for cancer diagnosis, death, and change of address. 

Cancer outcomes are identified through annual linkages with the California Cancer Registry 

(CCR), a legally mandated statewide population-based cancer reporting system [13]. 

Mortality files, as well as reports from relatives, are used to ascertain date and cause of 

death. Address changes for continued follow-up are obtained by several methods including 

annual mailings, notifications of moves received from participants, and linkages to 

nationwide consumer reporting companies and the U.S. Postal Service National Change of 

Address database.

Women diagnosed with incident invasive carcinomas of the large bowel (International 

Classification of Disease Oncology codes C18.0, C18.2–C18.9 and C26.0 for cancer of the 

colon and C19.9 and C20.9 for cancer of the rectum) between the date they joined the cohort 

in 1995–1996 and 2009 comprised the case group. The anatomic subsites within the colon 

were further classified into proximal (C18.0, C18.2–C18.5) and distal (C18.6–C18.9, 
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C26.0). Information on stage of diagnosis was also extracted from the CCR data and 

characterized as localized, regional, distant, and unspecified.

Exposure assessment

Active Smoking Information—Highly detailed information on active smoking was 

collected on the baseline questionnaire in 1995–1996. Active smoking status was defined as 

having reported ever smoking 100 or more cigarettes and women were categorized as never, 

former, or current smokers. Among ever smokers (former or current smokers), details of 

smoking intensity and duration were also collected and categorized as follows: age of 

smoking initiation (≤15, 16–19, 20–24, ≥25, unknown); smoking intensity (average number 

of cigarettes per day, <10, 10–19, ≥20, unknown); total number of smoking years (<10, 10–

19, 20–29, 30–39, ≥40, unknown); number of smoking pack-years (≤10, 11–20, 21–30, ≥31, 

unknown); and years since quitting smoking among former smokers (<5, 5–9, 10–19, ≥20, 

unknown). Because we did not have information about changes in smoking behavior during 

the follow-up of the study, for the variables that reflect time (e.g., number of smoking years, 

pack-years, and years since quitting), we created alternate variables to add time of follow-up 

to the time reported at baseline. These alternate variables were used in sensitivity analyses in 

which we estimated risks further accounting for time since study entry, assuming that 

smoking status had not changed during the follow-up period.

Covariate information

Data on potential confounders were gathered from information reported on two self-

administered mailed surveys and included information on: age at baseline, race/ethnicity, 

menopausal status at cohort entry, family history of colon cancer, personal history of 

colorectal polyps, body mass index (BMI), physical activity, hormone therapy use, use of 

non-steroidal anti-inflammatory drugs, alcohol consumption, passive smoking exposures, 

and dietary factors (calcium, folate, iron, vitamin D, fat, fiber, caloric intake, consumption 

of red meat, organ meat, pork, processed meat, poultry, and fish/shellfish) collected from a 

modified Block questionnaire [14, 15].

Follow-up

Person-months at risk was calculated as the number of months between the time a woman 

joined the cohort (i.e., the date she completed her baseline questionnaire) and the earliest of 

four dates: the date of her invasive colorectal cancer diagnosis; the date of her first non-

California residential address (lasting 4 months or longer); the date of her death; or 

December 31, 2009. Women who were diagnosed with in situ colorectal cancer during the 

follow-up period were censored at the time of their diagnoses.

Statistical analysis

Cox proportional hazards regression models were used to estimate hazard rate ratios (HRs) 

and 95 % confidence intervals (95 % CIs) for each smoking variable, using ages at the start 

and end of follow-up to define time on study. Initially, we calculated hazard ratios both with 

and without inclusion of passive smokers in the referent category of never smokers. Because 

these two alternative approaches yielded virtually identical point estimates, we chose to use 
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all never smokers (regardless of passive smoking exposure) as our referent category for all 

the smoking variables as it provided a larger group for comparison. Examination of Kaplan–

Meier survival curves and log-minus-log survival plots indicated no apparent violation of 

the underlying assumption of proportional hazards upon which the Cox regression model is 

predicated [16]. All initial models were stratified by age at baseline (in single year 

increments) and adjusted for race/ethnicity (White (referent group), Black, Hispanic, Asian/

Pacific Islander, and Other). Assessment of important covariates was conducted by 

individually adding each of the potential confounders to the models and evaluating whether 

the addition changed the regression coefficient for the smoking variable by 10 % or more. 

Furthermore, we used random forests techniques to identify potential confounders, taking 

into account both multiple testing and potential interactions [17]. As neither of these 

approaches identified any confounders beyond age and race/ethnicity, the final multivariable 

models only included adjustment for race/ethnicity and were stratified by age at baseline.

To evaluate whether smoking-related risks varied by anatomic site (colon vs. rectum) and 

subsites within the colon (proximal vs. distal), we tested for interactions in marginal 

competing risk models of the type described by Therneau [18]. Specifically, we built models 

stratified by site/subsite with and without inclusion of an interaction term for the smoking 

variable of interest and the site/sub-site and then compared the −2Log likelihood of the 

nested models to determine whether the interaction model fits significantly better. To 

evaluate whether smoking-related risks were different for pre/peri-menopausal versus post-

menopausal women at baseline, we compared the log-likelihood ratios for models with and 

without interaction terms for menopausal status and the smoking exposure variables. Tests 

for significance of each effect individually were calculated only on a data set in which the 

effect was not coded as missing. Significance tests for individual effects were performed as 

follows. First, an “overall” (partial) likelihood ratio test was performed by comparing a 

model in which the term was treated as a categorical effect (Model A), to a model without 

the term (Model C). If the underlying effect was ordinal, a second “linear test for trend” was 

performed, comparing a model that treated the effect as numeric, coding never smokers as 

zero and using the median value in each level as a weight (Model B), to Model C. If that test 

proved statistically significant at the 0.05 level, then a second “residual” likelihood ratio test 

was performed comparing Model A to Model B, to detect the existence of an additional 

nonlinear component of trend. All models were run using the PHREG procedure in SAS 

Version 9.3. No formal p value adjustments for multiple testing were performed.

Results

1,205 women with invasive colorectal cancer were prospectively diagnosed between 

1995/1996 (when they joined the cohort) and 2009 among the 122,264 CTS participants 

eligible for this study. The tumor characteristics of the cases in our study are summarized in 

Table 1. Forty-two percent were diagnosed at the localized stage; 37 % were diagnosed at 

the regional stage; and 17 % were diagnosed at the distant stage. The majority of cases were 

cancers of the colon (n = 917; 76 %), 71 % of which were diagnosed in the proximal colon. 

These tumor characteristics are similar to those observed in the general US population of 

non-Hispanic white women [19].
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The demographic characteristics and smoking behaviors of the 122,264 study participants 

are summarized in Table 2. The study population predominantly includes white (87 %), 

middle-aged women, ranging in age from 22 to 104 years with approximately half between 

the ages of 40 and 59 years at cohort entry in 1995/1996. As expected, cases tended to be 

older than non-cases, and marginally more likely to be non-Hispanic white. Nearly two-

thirds of the study population were life-long never smokers, 29 % were former smokers, and 

only 5 % were current smokers upon joining the cohort. Compared to women who did not 

develop colorectal cancer, cases were more likely to be former or current smokers and to 

smoke more cigarettes/day, for more years, resulting in more pack-years of smoking.

The risks of colorectal cancer associated with active smoking, stratified by age and adjusted 

for race/ethnicity, are presented in Table 3. Compared to never smokers, current smokers 

had a significantly elevated risk of colorectal cancer (HR = 1.28, 95 % CI = 1.00–1.63), 

while former smokers exhibited a more modest, non-significant risk elevation (HR = 1.10, 

95 % CI = 0.97–1.24). Risks increased with increasing smoking intensity (p value for linear 

trend = 0.02), years of smoking (p value for linear trend = 0.02), and pack-years (p value for 

linear trend = 0.01). Among former smokers, all point estimates of risk were elevated except 

among those women who had quit 20 or more years prior to the study. While risk estimates 

based on the reported years of cessation prior to baseline were only modestly elevated and 

not statistically significant for most categories of cessation duration, the results were more 

dramatic in our sensitivity analyses in which we added years of follow-up to the time since 

quitting reported at baseline. In these analyses, we observed increased risk estimates for all 

durations of cessation, with the exception of those who had at least 20 years of smoking 

cessation (HR = 0.86, 95 % CI = 0.75–1.00 for 20+ years; HR = 2.10, 95 % CI = 1.67–2.66 

for 10–19 years; HR = 12.3, 95 % CI = 8.12–18.6 for 5–9 years; HR = 25.5, 95 % CI = 

10.4–62.9 for <5 years). While hazard ratios tended to increase for categories representing 

earlier ages at smoking initiation, all confidence intervals included one and the test for linear 

trend was not significant (p value = 0.33).

Overall smoking-related risk estimates were similar for colon and rectal cancer (Table 3) 

and, with the exception of pack-years, the formal tests for heterogeneity of effect between 

the two sites yielded p values >0.05. The risk of colon cancer appeared to increase with 

increasing pack-years [HR for 31+ pack-years = 1.51, 95 % CI = 1.21–1.88, p (linear trend 

<0.01)], while rectal cancer was not associated with increasing pack-years [HR for 31+ 

pack-years = 0.89, 95 % CI 0.54–1.47, p (linear trend = 0.58)], p (heterogeneity) = 0.04. 

Notably, the number of rectal cancers, especially in the highest exposure smoking group, 

was quite small (n = 17).

Table 4 presents the hazard ratios for smoking associated with tumors of the proximal and 

distal colon separately. While point estimates of risk generally tended to be higher for 

cancers of the distal colon, formal tests for heterogeneity of effect across subsites of the 

colon did not detect any evidence for heterogeneity (p values ranged from 0.50 to 0.95). The 

number of cases with distal colon cancer, however, tended to be quite small, especially 

among the highest exposure group of smokers (Table 4).
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Risk analyses, stratified by menopausal status at baseline, provided no evidence of 

heterogeneity in risk with point estimates similar for pre/peri-menopausal and post-

menopausal women and all likelihood ratio tests yielding p values greater than 0.05 (data not 

shown).

Because we did not identify any factors beyond age and race as significant confounders, we 

did not extensively evaluate potential effect modifiers. However, in response to a recent 

report from the GEECO pooled analysis that both fruit consumption and BMI were modest 

effect modifiers of the relationship between smoking and colorectal cancer risk [20], we 

specifically examined these relationships in our study population by adding multiplicative 

interaction terms between these factors and smoking and used the likelihood ratio test to 

evaluate the significance of effect modification. While we found no evidence for an 

interaction with fruit consumption (likelihood ratio p value = 0.64), we did see a marginally 

significant interaction between BMI and pack-years of smoking (p = 0.05). However, 

contrary to the findings from the GEECO pooled analysis which reported stronger smoking-

related risks among overweight and obese women, we saw no evidence of this in our data. 

The hazard ratios for ≥31 pack-years were 1.63 (95 % CI = 1.23–2.18) for women with BMI 

≤25 kg/m2 women; 1.53 (95 % CI = 1.07–2.09) for women with BMI 25–29 kg/m2; and 

1.70 (95 % CI = 1.06–2.74) for women with BMI≥30.

Discussion

Our results add convincing evidence to the growing body of literature that active smoking 

increases the risk of colorectal cancer, especially among smokers with the most intense 

and/or longest duration of exposure. Importantly, our findings indicate that this effect is not 

confined to men but is apparent in women as well. Our results also add to the sparse and 

mixed literature regarding the degree to which smoking-related risks may vary by anatomic 

site or subsite within the colon.

The colorectal cancer risk estimates for smoking status from our study (HR = 1.28 for 

current smokers; HR = 1.10 for former smokers) are consistent with findings from a number 

of recently published pooled and meta-analyses on this topic in which summary measures of 

risk have ranged from 1.12 to 1.26 for current smokers and 1.18 to 1.20 for former smokers 

[8–11, 20]. The marginally lower risk estimate for former smokers in the current study is 

likely a reflection of the fact that nearly half of the former smokers in our study population 

quit smoking more than 20 years before joining the cohort, by which time their risk appears 

to no longer be elevated.

While our analyses showed a linear trend of increasing risk with increasing measures of 

dose and duration (i.e., cigarettes/day, years of smoking, and pack-years), risk estimates 

only achieved statistical significance at the 0.05 level among the heaviest smokers (≥20 cigs/

day) and after a duration of 40 years or 31 pack-years of smoking, regardless of whether 

duration of smoking was estimated at baseline or incorporated time on study [as part of our 

sensitivity analyses (data not shown)]. These results are consistent with the notion originally 

suggested by Giovannucci that a 35-year induction period may be required before an effect 

can be seen [21]. This long latency period has been offered as an explanation for the lack of 
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an effect reported in early studies on this topic in the US, especially among women, who did 

not start smoking en masse until the latter half of the 1900s and thus lacked sufficient 

latency for an effect to emerge in studies conducted prior to 1990 [21].

The degree to which smoking-related colorectal cancer risks are similar among men and 

women has been a matter of debate. Initially, the preponderance of data seemed to suggest 

that the effect of smoking was either limited to, or at least stronger, among men than among 

women [21]. Explanations offered for this apparent difference have included both 

limitations in exposure potential (given the apparent long latency) as well as real sex-related 

biologic differences potentially arising from differential interactions between smoking and 

protective endogenous estrogens, body mass index, and/or abdominal adiposity [11]. Two 

recent meta-analyses of prospective cohort studies on this topic reported that risks for 

current smoking continued to be higher among men than among women [9, 11], although 

only one found these differences to be statistically significant at the 0.05 level [11]. In 

contrast, a meta-analyses that included both cohort and case–control studies published 

during the same time period reported no evidence for differences in risk by sex [8]. More 

recent findings, however, from The European Prospective Investigation Into Cancer (EPIC) 

[22] and the Cancer Prevention Study II(CPS-II) [23], both of which reported no differences 

in risk by sex, were not included in these meta-analyses. Regardless of whether risks are 

higher in men than in women, there is now convincing evidence that risks are apparent in 

women. Along with the elevated risks found in our study and those reported among the 

female participants in the EPIC and CPS-II cohorts, elevated risks also have been reported 

among members of the Norwegian Women and Cancer Study [24] and the Women's Health 

Initiative [25], both large well-conducted prospective cohort studies among women. The 

Norwegian study, however, only observed an effect for rectal but not colon cancer, a finding 

that also was reported among members of the Canadian Breast Screening Study over 10 

years ago [26].

The issue of whether the risk of colorectal cancer associated with smoking varies by 

anatomic site and subsite within the colon is of growing interest. Because only 20–30 % of 

colorectal cancers occur in the rectum, sample sizes typically have been insufficient to 

examine risks separately for rectal cancer. Combining cancers of the colon and rectum, 

however, assumes a constancy of risk across the sites that may not be appropriate and could 

mask important effects. Evidence that tumors of the colon and rectum, as well as subsites 

within the colon, may have distinct etiologies is growing [27–29]. Segments of the large 

bowel differ with respect to their embryonic origins and their physiologic functions [28]. 

The ability of the colorectal mucosa to metabolize carcinogens appears to vary by site and 

antigen expression differs by tumor site within the colon [30]. A number of risk factors 

including physical activity, alcohol intake, and certain dietary factors appear to have 

differential effects within subsites of the colon and rectum [28, 29, 31].

The evidence to date for differential effects of active smoking on risk of rectal versus colon 

cancer is somewhat mixed. While some studies have observed no differences in risk 

between anatomic sites [22, 32–36], the preponderance of studies seems to suggest risk may 

be slightly higher for rectal than for colon cancer [8, 10, 11, 25, 26, 37–43]. In contrast, our 

results provide little evidence for differential effects of smoking on the risk for tumors of the 
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colon and rectum. In fact, if any differences exist, the risks in our study appear to be 

marginally stronger for colon than for rectal cancer. For pack-years of smoking, our findings 

suggested an increasing risk associated with increasing pack-years for colon cancer but not 

for rectal cancers (p for heterogeneity = 0.04). For all other smoking exposure variables, p 

values evaluating heterogeneity in risk across sites were ≥0.35. These analyses, however, 

were likely limited by the small number of rectal cancer cases, especially within the highest 

exposure categories (n = 17 for ≥31 pack-years). Our finding of a marginally stronger risk 

for colon compared to rectal cancer, however, is consistent with an emerging literature 

suggesting that smoking-related risks are stronger for some molecularly defined colorectal 

tumor subtypes, including microsatellite instability (MSI)-high and CpG island methylator 

(CIMP)-positive tumors, both of which are more common in women and more commonly 

occur in the colon, rather than the rectum [44–46]. Unfortunately, we did not have available 

information on molecular subtypes.

The literature examining smoking-related risks by sub-sites within the colon is even more 

sparse [22, 39, 43, 47]. Two studies reported higher point estimates of smoking-related risks 

for tumors of the proximal colon than for tumors of the distal colon [47, 48]. A recent case–

control study conducted in Hawaii suggested effects might vary by site and subsite 

differently in men and women with smoking-related effects stronger in the distal colon and 

rectum among women but not among men [49]. Results from our study, which overall 

tended to generate point estimates of risk slightly higher (albeit not statistically significant at 

the 0.05 level) for tumors of the distal compared to those of the proximal colon, are 

consistent with those reported in the Hawaiian study. Given the dearth of data on this issue, 

it is an important area for future inquiry. Clarification of risks, and how they might vary by 

site and subsite, could help elucidate etiologic mechanisms underlying risk. Furthermore, 

how risks vary by site and subsite within the colon could help inform the on-going debate 

over optimal screening guidelines which currently recommend for average risk individuals 

the less invasive and less expensive sigmoidoscopy that only allows examination of the 

rectum and distal colon over colonos-copy which examines the entire large bowel.

Our findings suggest that earlier age at smoking initiation incurs a larger risk than smoking 

that is started later in life (HR = 1.22 for smoking initiation ≤15 years of age; HR = 0.90 for 

smoking initiation ≥25 years of age). Due to the relatively few cases who started smoking 

prior to age 16 (n = 39) or at 25 years or later (n = 53), our study was underpowered to fully 

evaluate this issue. Our findings, however, are consistent with the handful of studies that 

have examined risks associated with age at smoking initiation[22, 25, 47, 50–54], most of 

which have reported increased risks with earlier ages at initiation [25, 47, 50, 52–55]. 

Interestingly, the most recent and one of the largest studies conducted to date reported no 

association between age at smoking initiation and colorectal cancer risk among members of 

the EPIC cohort [22]. In a recent meta-analysis, Liang reported that for each 10-year delay 

in smoking initiation, there was a 4.4 % reduction in risk ratios for colorectal cancer [10].

Finally, the issue of whether colorectal cancer risks diminish with increasing duration of 

smoking cessation is an important one, both in terms of helping to understand the 

mechanisms by which smoking increases risks, as well as to inform public health messaging. 

In his review of the literature over a decade ago, Giovannucci concluded that after smoking 
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cessation, some colorectal cancer risk appears to persist indefinitely [21]. More recent data, 

however, including our own, suggest that while increased colorectal cancer risks do persist 

for many years after quitting, they do eventually approach those of non-smokers. Five recent 

studies have reported that risks declined to those of never smokers after prolonged periods 

of cessation, perhaps as long as 20–30 years [22, 23, 25, 35, 56]. While the lack of 

information on changes in smoking behavior during the 14 years of follow-up precludes our 

ability to precisely define the period of smoking cessation among the former smokers in our 

study, our primary results and even more so, the results from our sensitivity analyses, 

support the notion that only after at least 20 years of cessation does the risk of colorectal 

cancer return to that of life-time non-smokers. A recently published pooled analysis from the 

GEECO study reported that the excess risk associated with smoking disappeared 

immediately after quitting for proximal colon and rectal cancer, but persisted for nearly 20 

years for distal colon cancer [20]. Our analyses provided no evidence of differences in risk 

reduction following cessation by site or subsite, but as stated earlier, our study was not 

ideally suited to evaluate this question given the lack of information about changes in 

smoking behavior during the follow-up of our cohort.

Our study has a number of limitations worth noting. While our analysis showed no evidence 

that risk estimates were different for post- compared to pre/peri-menopausal women, given 

that both menopausal status and smoking behaviors are highly age-dependent, our ability to 

evaluate this issue may have been compromised by the high degree of collinearity between 

these variables.

While an abundance of information on colorectal cancer risk factors has been collected on 

the CTS cohort, unfortunately information on colorectal cancer screening practices is not 

available. Statewide population data indicate that women who smoke may be less likely to 

undergo regular colorectal cancer screening [57]. If smokers in the CTS are also less likely 

to undergo colorectal cancer screening than their non-smoking counterparts, this could bias 

our results. The CTS, however, is comprised of women with generally good health care 

access and utilization with high rates of mammography and cervical cancer screening [12]. 

To evaluate this issue, we examined whether the distribution of stage at diagnosis and self-

reported history of colorectal polyps varied by smoking status in our study population. No 

significant differences in stage at diagnosis were observed and both current and former 

smokers were slightly more likely to report a history of polyps than were never smokers. 

Since worse adherence to colorectal cancer screening guidelines among smokers would most 

likely result in later stages at diagnosis and decrease the likelihood of discovery of colorectal 

polyps, these analyses provide reassuring, although indirect, evidence that our results are not 

likely due to bias introduced by our inability to control for colorectal screening practices.

Another constraint of our study was the inability to account for differences in genetic 

susceptibility to tobacco exposures. While the issue of genetic polymorphisms has not yet 

been widely addressed in the literature on tobacco exposures and colorectal cancer, some 

data suggest that risk may vary by polymorphisms in genes that affect the metabolism of 

smoking-related carcinogens [46, 55, 58– 63]. Unfortunately, it was beyond the scope of the 

current study to incorporate information on potentially relevant genetic polymorphism. 

While lack of such data precludes our ability to examine whether individuals with certain 
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polymorphisms may be more or less susceptible to the carcinogenic effects of tobacco 

smoke, it does not impact the validity of the results as presented.

Overall, our study makes an important contribution to the increasingly convincing body of 

evidence that active smoking is a risk factor for colorectal cancer. Our results are 

particularly compelling given some of the unique strengths of our study, including the focus 

on women and the prospective design, which avoids the potential for recall bias common to 

studies of well-recognized carcinogens such as smoking. Furthermore, we were able to 

account for a wide spectrum of potential confounders including highly detailed dietary 

information, alcohol consumption, BMI, physical activity, medication, and hormone use, as 

well passive smoking exposures. Because none of these variables changed the coefficients 

for any of our smoking-related variables in our regression analyses, our final models did not 

include adjustment for these factors. Although not presented in this manuscript, we also ran 

regression models that included all potential confounders (as listed in above methods 

section) as covariates simultaneously. The smoking-related hazard ratios generated from 

these models remained essentially the same, albeit with marginally wider confidence 

intervals (data not shown). Given that the primary reason for IARC's prior reluctance to 

conclude that smoking was a colorectal carcinogen was “principally because of concern 

about confounding by other risk factors” [6], our results provide some reassurance that the 

results from earlier studies that did not have the ability to adequately adjust for potential 

con-founders were likely not biased due to residual confounding.

The results presented from the current analysis, in the context of the growing body of 

evidence that smoking increases the risk of colorectal cancer, should be considered when 

evaluating colorectal cancer screening guidelines. Because colorectal cancer is often a silent 

disease with the presentation of no early symptoms, screening is critical to early detection 

and better survival. There has been an emerging interest in tailoring screening 

recommendations to include information on lifestyle factors that might place individuals at 

an increased risk of colorectal cancer. Long-term heavy smoking should be one such factor 

to consider in this regard.

Acknowledgments

This research was funded by grant 18XT-0108 from the California Tobacco-Related Disease Research Program and 
National Cancer Institute grants R01 CA77398 and K05 CA136967. The collection of cancer incidence data used in 
this study was supported by the California Department of Public Health as part of the statewide cancer reporting 
program mandated by California Health and Safety Code Section 103885; the National Cancer Institute's 
Surveillance, Epidemiology and End Results Program under contract HHSN261201000036C awarded to the Cancer 
Prevention Institute of California, contract HHSN261201000035C awarded to the University of Southern 
California, and contract HHSN261201000034C awarded to the Public Health Institute; and the Centers for Disease 
Control and Prevention's National Program of Cancer Registries, under agreement #1U58 DP000807-01 awarded to 
the Public Health Institute. The ideas and opinions expressed herein are those of the author(s) and endorsement by 
the State of California Department of Public Health, the National Cancer Institute, and the Centers for Disease 
Control and Prevention or their Contractors and Subcontractors is not intended nor should be inferred. We express 
our appreciation to all the participants in the California Teachers Study and to the researchers, analysts and staff 
who have contributed so much for the success of this research project. We also thank Pam Horn-Ross and Alison 
Canchola for technical support with the dietary data and Ha Van for administrative support. The authors would like 
to thank the CTS Steering Committee members who are responsible for the formation and maintenance of the 
cohort within which this study was conducted but who did not directly contribute to the current paper: Hoda Anton-
Culver, Christina A. Clarke, Dennis Deapen, James V. Lacey Jr, Huiyan Ma, Susan L. Neuhausen, Fredrick 
Schumacher, Sophia S. Wang, and Argyrios Ziogas.

Hurley et al. Page 11

Cancer Causes Control. Author manuscript; available in PMC 2014 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. American Cancer Society (ACS). Cancer facts and figures 2012. Atlanta, GA USA: 2012. 

2. Zisman AL, Nickolov A, Brand RE, Gorchow A, Roy HK. Associations between the age at 
diagnosis and location of colorectal cancer and the use of alcohol and tobacco: implications for 
screening. Arch Intern Med. 2006; 166(6):629–634. [PubMed: 16567601] 

3. Giovannucci E. Should smokers be considered a high-risk group for colorectal cancer? Dig Liver 
Dis. 2004; 36(10):643–645. [PubMed: 15506660] 

4. Joshu CE, Parmigiani G, Colditz GA, Platz EA. Opportunities for the primary prevention of 
colorectal cancer in the United States. Cancer Prev Res (Phila). 2012; 5(1):138–
145.10.1158/1940-6207.CAPR-11-0322 [PubMed: 21955521] 

5. U.S. Department of Health and Human Services (DHHS). The Health Consequences of Smoking: A 
Report of the Surgeon General. U.S. Department of Health and Human Services, Centers for 
Disease Control and Prevention, National Center for Chronic Disease Prevention and Health 
Promotion, Office of Smoking and Health; Atlanta, GA, USA: 2004. 

6. World Health Organization (WHO) International Agency for Research on Cancer (IARC). , editor. 
Tobacco smoke and involuntary smoking: IARC monographs on the evaluation of carcinogenic 
risks to humans. Vol. 83. IARC Press; Lyon: 2002. 

7. World Health Organization (WHO) International Agency for Research on Cancer (IARC). A review 
of human carcinogens: personal habits and indoor combustions. Vol. 100E. Lyon, France: 2012. 
IARC monographs on the evaluation of carcinogenic risks to humans. 

8. Botteri E, Iodice S, Bagnardi V, Raimondi S, Lowenfels AB, Maisonneuve P. Smoking and 
colorectal cancer: a meta-analysis. JAMA. 2008; 300(23):2765–2778.10.1001/jama.2008.839 
[PubMed: 19088354] 

9. Huxley RR, Ansary-Moghaddam A, Clifton P, Czernichow S, Parr CL, Woodward M. The impact 
of dietary and lifestyle risk factors on risk of colorectal cancer: a quantitative overview of the 
epidemiological evidence. Int J Cancer. 2009; 125(1):171–180.10.1002/ijc.24343 [PubMed: 
19350627] 

10. Liang PS, Chen TY, Giovannucci E. Cigarette smoking and colorectal cancer incidence and 
mortality: systematic review and meta-analysis. Int J Cancer. 2009; 124(10):2406–2415.10.1002/
ijc.24191 [PubMed: 19142968] 

11. Tsoi KK, Pau CY, Wu WK, Chan FK, Griffiths S, Sung JJ. Cigarette smoking and the risk of 
colorectal cancer: a meta-analysis of prospective cohort studies. Clin Gastroenterol Hepatol. 2009; 
7(6):682–688. e681–685.10.1016/j.cgh.2009.02.016 [PubMed: 19245853] 

12. Bernstein L, Allen M, Anton-Culver H, Deapen D, Horn-Ross PL, Peel D, Pinder R, Reynolds P, 
Sullivan-Halley J, West D, Wright W, Ziogas A, Ross RK. High breast cancer incidence rates 
among California teachers: results from the California Teachers Study (United States). Cancer 
Causes Control. 2002; 13(7):625–635. [PubMed: 12296510] 

13. [Accessed Nov 2010] California Cancer Registry (CCR) Home Page. http://www.ccrcal.org/

14. Block G, Hartman AM, Dresser CM, Carroll MD, Gannon J, Gardner L. A data-based approach to 
diet questionnaire design and testing. Am J Epidemiol. 1986; 124(3):453–469. [PubMed: 
3740045] 

15. Horn-Ross PL, Hoggatt KJ, West DW, Krone MR, Stewart SL, Anton H, Bernstei CL, Deapen D, 
Peel D, Pinder R, Reynolds P, Ross RK, Wright W, Ziogas A. Recent diet and breast cancer risk: 
the California Teachers Study (USA). Cancer Causes Control. 2002; 13(5):407–415. [PubMed: 
12146845] 

16. Katz MH, Hauck WW. Proportional hazards (Cox) regression. J Gen Intern Med. 1993; 8(12):702–
711. [PubMed: 8120690] 

17. Lunetta KL, Hayward LB, Segal J, Van Eerdewegh P. Screening large-scale association study data: 
exploiting interactions using random forests. BMC Genet. 2004; 5:32.10.1186/1471-2156-5-32 
[PubMed: 15588316] 

18. Therneau, TM.; Grambsch, PM., editors. Modeling survival data: extending the cox model. 
Springer; New York: 2000. 

Hurley et al. Page 12

Cancer Causes Control. Author manuscript; available in PMC 2014 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ccrcal.org/


19. Cress RD, Morris C, Ellison GL, Goodman MT. Secular changes in colorectal cancer incidence by 
subsite, stage at diagnosis, and race/ethnicity, 1992–2001. Cancer. 2006; 107(5 Suppl):1142–
1152.10.1002/cncr.22011 [PubMed: 16835912] 

20. Gong J, Hutter C, Baron JA, Berndt S, Caan B, Campbell PT, Casey G, Chan AT, Cotterchio M, 
Fuchs CS, Gallinger S, Gio-vannucci E, Harrison T, Hayes R, Hsu L, Jiao S, Lin Y, Lindor NM, 
Newcomb P, Pflugeisen B, Phipps AI, Rohan T, Schoen R, Seminara D, Slattery ML, Stelling D, 
Thomas F, Warnick G, White E, Potter J, Peters U. A pooled analysis of smoking and colorectal 
cancer: timing of exposure and interactions with environmental factors. Cancer Epidemiol 
Biomarkers Prev. 2012; 21(11):1974–1985.10.1158/1055-9965.EPI-12-0692 [PubMed: 23001243] 

21. Giovannucci E. An updated review of the epidemiological evidence that cigarette smoking 
increases risk of colorectal cancer. Cancer Epidemiol Biomarkers Prev. 2001; 10(7):725–731. 
[PubMed: 11440957] 

22. Leufkens AM, Van Duijnhoven FJ, Siersema PD, Boshuizen HC, Vrieling A, Agudo A, Gram IT, 
Weiderpass E, Dahm C, Overvad K, Tjonneland A, Olsen A, Boutron-Ruault MC, Clavel-
Chapelon F, Morois S, Palli D, Grioni S, Tumino R, Sacerdote C, Mattiello A, Herman S, Kaaks 
R, Steffen A, Boeing H, Trichopoulou A, Lagiou P, Trichopoulos D, Peeters PH, van Gils CH, van 
Kranen H, Lund E, Dumeaux V, Engeset D, Rodriguez L, Sanchez MJ, Chirlaque MD, Barricarte 
A, Manjer J, Almquist M, van Guelpen B, Hallmans G, Khaw KT, Wareham N, Tsilidis KK, Straif 
K, Leon-Roux M, Vineis P, Norat T, Riboli E, Bueno-de-Mesquita HB. Cigarette smoking and 
colorectal cancer risk in the European Prospective Investigation into Cancer and Nutrition study. 
Clin Gastroenterol Hepatol. 2011; 9(2):137–144.10.1016/j.cgh.2010.10.012 [PubMed: 21029790] 

23. Hannan LM, Jacobs EJ, Thun MJ. The association between cigarette smoking and risk of 
colorectal cancer in a large prospective cohort from the United States. Cancer Epidemiol 
Biomarkers Prev. 2009; 18(12):3362–3367.10.1158/1055-9965.EPI-09-0661 [PubMed: 19959683] 

24. Gram IT, Braaten T, Lund E, Le Marchand L, Weiderpass E. Cigarette smoking and risk of 
colorectal cancer among Norwegian women. Cancer Causes Control. 2009; 20(6):895–
903.10.1007/s10552-009-9327-x [PubMed: 19274482] 

25. Paskett ED, Reeves KW, Rohan TE, Allison MA, Williams CD, Messina CR, Whitlock E, Sato A, 
Hunt JR. Association between cigarette smoking and colorectal cancer in the Women's Health 
Initiative. J Natl Cancer Inst. 2007; 99(22):1729–1735. [PubMed: 18000222] 

26. Terry PD, Miller AB, Rohan TE. Prospective cohort study of cigarette smoking and colorectal 
cancer risk in women. Int J Cancer. 2002; 99(3):480–483. [PubMed: 11992421] 

27. Inoue M, Tajima K, Hirose K, Hamajima N, Takezaki T, Hirai T, Kato T, Ohno Y. Subsite-specific 
risk factors for colorectal cancer: a hospital-based case-control study in Japan. Cancer Causes 
Control. 1995; 6(1):14–22. [PubMed: 7718730] 

28. Schottenfeld, D.; Fraumeni, JF., editors. Cancer epidemiology and prevention. 3rd. Oxford 
University Press; New York: 2006. 

29. Wei EK, Giovannucci E, Wu K, Rosner B, Fuchs CS, Willett WC, Colditz GA. Comparison of risk 
factors for colon and rectal cancer. Int J Cancer. 2004; 108(3):433–442. [PubMed: 14648711] 

30. Bufill JA. Colorectal cancer: evidence for distinct genetic categories based on proximal or distal 
tumor location. Ann Intern Med. 1990; 113(10):779–788. [PubMed: 2240880] 

31. Chyou PH, Nomura AM, Stemmermann GN. A prospective study of colon and rectal cancer 
among Hawaii Japanese men. Ann Epidemiol. 1996; 6(4):276–282. [PubMed: 8876837] 

32. Hooker CM, Gallicchio L, Genkinger JM, Comstock GW, Alberg AJ. A prospective cohort study 
of rectal cancer risk in relation to active cigarette smoking and passive smoke exposure. Ann 
Epidemiol. 2008; 18(1):28–35. [PubMed: 17900927] 

33. Otani T, Iwasaki M, Yamamoto S, Sobue T, Hanaoka T, Inoue M, Tsugane S. Alcohol 
consumption, smoking, and subsequent risk of colorectal cancer in middle-aged and elderly 
Japanese men and women: Japan Public Health Center-based prospective study. Cancer Epidemiol 
Biomarkers Prev. 2003; 12(12):1492–1500. [PubMed: 14693743] 

34. Tverdal A, Thelle D, Stensvold I, Leren P, Bjartveit K. Mortality in relation to smoking history: 13 
years' follow-up of 68,000 Norwegian men and women 35–49 years. J Clin Epidemiol. 1993; 
46(5):475–487. [PubMed: 8501474] 

Hurley et al. Page 13

Cancer Causes Control. Author manuscript; available in PMC 2014 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



35. Verla-Tebit E, Lilla C, Hoffmeister M, Brenner H, Chang-Claude J. Cigarette smoking and 
colorectal cancer risk in Germany: a population-based case-control study. Int J Cancer. 2006; 
119(3):630–635. [PubMed: 16496385] 

36. Wakai K, Hayakawa N, Kojima M, Tamakoshi K, Watanabe Y, Suzuki K, Hashimoto S, 
Tokudome S, Toyoshima H, Ito Y, Tamakoshi A. Smoking and colorectal cancer in a non-Western 
population: a prospective cohort study in Japan. J Epidemiol. 2003; 13(6):323–332. [PubMed: 
14674660] 

37. Ji BT, Dai Q, Gao YT, Hsing AW, McLaughlin JK, Fraumeni JFJ, Chow WH. Cigarette and 
alcohol consumption and the risk of colorectal cancer in Shanghai, China. Eur J Cancer Prev. 
2002; 11(3):237–244. [PubMed: 12131657] 

38. Minami Y, Tateno H. Associations between cigarette smoking and the risk of four leading cancers 
in Miyagi Prefecture, Japan: a multi-site case-control study. Cancer Sci. 2003; 94(6):540–547. 
[PubMed: 14529588] 

39. Newcomb PA, Storer BE, Marcus PM. Cigarette smoking in relation to risk of large bowel cancer 
in women. Cancer Res. 1995; 55(21):4906–4909. [PubMed: 7585528] 

40. Nyren O, Bergstrom R, Nystrom L, Engholm G, Ekbom A, Adami HO, Knutsson A, Stjernberg N. 
Smoking and colorectal cancer: a 20-year follow-up study of Swedish construction workers. J Natl 
Cancer Inst. 1996; 88(18):1302–1307. [PubMed: 8797770] 

41. Sandler RS, Sandler DP, Comstock GW, Helsing KJ, Shore DL. Cigarette smoking and the risk of 
colorectal cancer in women. J Natl Cancer Inst. 1988; 80(16):1329–1333. [PubMed: 3172257] 

42. Terry P, Ekbom A, Lichtenstein P, Feychting M, Wolk A. Long-term tobacco smoking and 
colorectal cancer in a prospective cohort study. Int J Cancer. 2001; 91(4):585–587. [PubMed: 
11251986] 

43. Luchtenborg M, White KK, Wilkens L, Kolonel LN, Le Marc-hand L. Smoking and colorectal 
cancer: different effects by type of cigarettes? Cancer Epidemiol Biomarkers Prev. 2007; 16(7):
1341–1347. [PubMed: 17626999] 

44. Limsui D, Vierkant RA, Tillmans LS, Wang AH, Weisenberger DJ, Laird PW, Lynch CF, 
Anderson KE, French AJ, Haile RW, Harnack LJ, Potter JD, Slager SL, Smyrk TC, Thibodeau 
SN, Cerhan JR, Limburg PJ. Cigarette smoking and colorectal cancer risk by molecularly defined 
subtypes. J Natl Cancer Inst. 2010; 102(14):1012–1022.10.1093/jnci/djq201 [PubMed: 20587792] 

45. Poynter JN, Haile RW, Siegmund KD, Campbell PT, Figueiredo JC, Limburg P, Young J, Le 
Marchand L, Potter JD, Cotterchio M, Casey G, Hopper JL, Jenkins MA, Thibodeau SN, 
Newcomb PA, Baron JA. Associations between smoking, alcohol consumption, and colorectal 
cancer, overall and by tumor microsatellite instability status. Cancer Epidemiol Biomarkers Prev. 
2009; 18(10):2745–2750.10.1158/1055-9965.EPI-09-0517 [PubMed: 19755657] 

46. Slattery ML, Potter JD, Samowitz W, Bigler J, Caan B, Leppert M. NAT2, GSTM-1, cigarette 
smoking, and risk of colon cancer. Cancer Epidemiol Biomarkers Prev. 1998; 7(12):1079–1084. 
[PubMed: 9865425] 

47. Limburg PJ, Vierkant RA, Cerhan JR, Yang P, Lazovich D, Potter JD, Sellers TA. Cigarette 
smoking and colorectal cancer: long-term, subsite-specific risks in a cohort study of 
postmenopausal women. Clin Gastroenterol Hepatol. 2003; 1(3):202–210. [PubMed: 15017492] 

48. Leufkens AM, van Duijnhoven FJ, Siersema PD, Boshuizen HC, Vrieling A, Agudo A, Gram IT, 
Weiderpass E, Dahm C, Overvad K, Tjonneland A, Olsen A, Boutron-Ruault MC, Clavel-
Chapelon F, Morois S, Palli D, Grioni S, Tumino R, Sacerdote C, Mattiello A, Herman S, Kaaks 
R, Steffen A, Boeing H, Trichopoulou A, Lagiou P, Trichopoulos D, Peeters PH, van Gils CH, van 
Kranen H, Lund E, Dumeaux V, Engeset D, Rodriguez L, Sanchez MJ, Chirlaque MD, Barricarte 
A, Manjer J, Almquist M, van Guelpen B, Hallmans G, Khaw KT, Wareham N, Tsilidis KK, Straif 
K, Leon-Roux M, Vineis P, Norat T, Riboli E, Bueno-de-Mesquita HB. Cigarette smoking and 
colorectal cancer risk in the EPIC study. Clin Gastroenterol Hepatol. 2011; 9(2):137–144. 
[PubMed: 21029790] 

49. Le Marchand L, Wilkens LR, Kolonel LN, Hankin JH, Lyu LC. Associations of sedentary lifestyle, 
obesity, smoking, alcohol use, and diabetes with the risk of colorectal cancer. Cancer Res. 1997; 
57(21):4787–4794. [PubMed: 9354440] 

Hurley et al. Page 14

Cancer Causes Control. Author manuscript; available in PMC 2014 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



50. Akhter M, Nishino Y, Nakaya N, Kurashima K, Sato Y, Kuriyama S, Tsubono Y, Tsuji I. Cigarette 
smoking and the risk of colorectal cancer among men: a prospective study in Japan. Eur J Cancer 
Prev. 2007; 16(2):102–107. [PubMed: 17297385] 

51. Luchtenborg M, Weijenberg MP, de Goeij AF, Wark PA, Brink M, Roemen GM, Lentjes MH, de 
Bruine AP, Goldbohm RA, van ‘t Veer P, van den Brandt PA. Meat and fish consumption, APC 
gene mutations and hMLH1 expression in colon and rectal cancer: a prospective cohort study (The 
Netherlands). Cancer Causes Control. 2005; 16(9):1041–1054.10.1007/s10552-005-0239-0 
[PubMed: 16184469] 

52. Tsong WH, Koh WP, Yuan JM, Wang R, Sun CL, Yu MC. Cigarettes and alcohol in relation to 
colorectal cancer: the Singapore Chinese Health Study. Br J Cancer. 2007; 96(5):821–
827.10.1038/sj.bjc.6603623 [PubMed: 17311023] 

53. Kim HJ, Lee SM, Choi NK, Kim SH, Song HJ, Cho YK, Park BJ. Smoking and colorectal cancer 
risk in the Korean elderly. J Prev Med Public Health. 2006; 39(2):123–129. [PubMed: 16615266] 

54. Heineman EF, Zahm SH, McLaughlin JK, Vaught JB. Increased risk of colorectal cancer among 
smokers: results of a 26-year follow-up of US veterans and a review. Int J Cancer. 1994; 59(6):
728–738. [PubMed: 7989109] 

55. Luchtenborg M, Weijenberg MP, Kampman E, van Muijen GN, Roemen GM, Zeegers MP, 
Goldbohm RA, van ‘t Veer P, de Goeij AF, van den Brandt PA. Cigarette smoking and colorectal 
cancer: APC mutations, hMLH1 expression, and GSTM1 and GSTT1 polymorphisms. Am J 
Epidemiol. 2005; 161(9):806–815.10.1093/aje/kwi114 [PubMed: 15840612] 

56. Zhao J, Halfyard B, Roebothan B, West R, Buehler S, Sun Z, Squires J, McLaughlin JR, Parfrey 
PS, Wang PP. Tobacco smoking and colorectal cancer: a population-based case-control study in 
Newfoundland and Labrador. Can J Public Health. 2010; 101(4):281–289. [PubMed: 21033532] 

57. [Accessed 4 jan 2008] California Health Interview Survey (CHIS) AskCHIS. http://
www.chis.ucla.edu/main/default.asp

58. Benjamini Y, Hochberg Y. Controlling the false recovery rate: a practical and powerful approach 
to multiple testing. J R Stat Soc Ser B (Methodol). 1995; 57(1):289–300.

59. Koh WP, Nelson HH, Yuan JM, Van den Berg D, Jin A, Wang R, Yu MC. Glutathione S-
transferase (GST) gene polymorphisms, cigarette smoking and colorectal cancer risk among 
Chinese in Singapore. Carcinogenesis. 2011; 32(10):1507–1511.10.1093/carcin/bgr175 [PubMed: 
21803734] 

60. Lilla C, Verla-Tebit E, Risch A, Jager B, Hoffmeister M, Brenner H, Chang-Claude J. Effect of 
NAT1 and NAT2 genetic polymorphisms on colorectal cancer risk associated with exposure to 
tobacco smoke and meat consumption. Cancer Epidemiol Biomarkers Prev. 2006; 15(1):99–107. 
[PubMed: 16434594] 

61. Rudolph A, Hein R, Hoffmeister M, Forsti A, Hemminki K, Risch A, Brenner H, Chang-Claude J. 
Copy number variations of GSTT1 and GSTM1, colorectal cancer risk and possible effect 
modification of cigarette smoking and menopausal hormone therapy. Int J Cancer. 201210.1002/
ijc.27428

62. Samadder NJ, Vierkant RA, Tillmans LS, Wang AH, Lynch CF, Anderson KE, French AJ, Haile 
RW, Harnack LJ, Potter JD, Slager SL, Smyrk TC, Thibodeau SN, Cerhan JR, Limburg PJ. 
Cigarette smoking and colorectal cancer risk by KRAS mutation status among older women. Am J 
Gastroenterol. 201210.1038/ajg.2012.21

63. Slattery ML, Edwards S, Curtin K, Schaffer D, Neuhausen S. Associations between smoking, 
passive smoking, GSTM-1, NAT2, and rectal cancer. Cancer Epidemiol Biomarkers Prev. 2003; 
12(9):882–889. [PubMed: 14504199] 

Hurley et al. Page 15

Cancer Causes Control. Author manuscript; available in PMC 2014 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.chis.ucla.edu/main/default.asp
http://www.chis.ucla.edu/main/default.asp


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hurley et al. Page 16

Table 1
Tumor characteristics among 1,205 invasive cases of colorectal cancer diagnosed in 
122,264 CTS participants, 1995–2009

Tumor characteristics n %

Stage

Localized 504 42

Regional 443 37

Distant 208 17

Unspecified 50 4

Colon 917 76

Proximal

 Cecum 271 22

 Ascending colon 187 16

 Hepatic flexure 56 5

 Transverse colon 106 9

 Splenic flexure 30 2

  Total proximal 650 71

Distal

 Descending colon 35 3

 Sigmoid 194 16

 Large intestine, NOS 38 3

  Total distal 267 29

Rectal 288 24

Recto sigmoid junction 90 7

Rectum 198 16
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